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A bstr a cts
A s elゴe sofo c e a n colo rsens ors
,
O C TSo n A D EO SandSeaW iF So nOrb Vie w-2, provi de
im ages ofchlo rophyll-a distdbutiolldo ng也e Sumdalsla nds. A limited n Ⅷ1ber ofsea s urface
willdobserv ationbyN S C A Ton A DE O Ssho w ed the in1POrtaJItCOl血butio n of the se a s ulla ce wind
to thedistribution ofchlo rophyl -a･ TleS e a Stda c etopographyobse rv ationbyS A Ro nJ･ER S-1
als o s upported the s urface 凸o w 丘o m the Lo mbok strait a nd co 血butio n of flo w sto the
phs,topla 血 o ndishibutio n･ Fro m s a;tellite obs ervatio n, it .is c onBr m ed that the ir regtilar wbd,
whichis di飴rerlt 鮎 m the majo r mo ns oo n wind, dete m血 e sthe dis廿ibutio n ofphytopla Jkton.
The so tltheast wind inFebmary 197 regAnted the runoF 丘o 皿 the Lo mbok Strait. The
phytoplahkton bloo m w as started whe nthe so ､血 e a st w 払d has stopped･ From in-situ obs er v ation
in Ma rch1998
,
the spatial dis廿butio n ofthephytoplankton blo on l Wasm ade cle ar, T he su rfa ce
l野 eruPtO3 0m wi th
_
alow erde.ISityaro und 21･5kgm
13
andslightlyhighernib7(te aro und O15 uM
L
-I
maintain sthephytoph ikto nblo o malo ngthe c oa st.
1.In廿odu ctio n
TheIndo n esianA - ghflo w r uns 丘o mthePa cifictotheIndia nOc ea n払r o ugh9do n e sian
Isla nds･ T heNorthEqu atori al Ct - tinthePaciflCisthe甲ajor s o ur c e of theIndムn esianthrough
flo w
･
whiche nterstheIndon esiansea 血 o ugh the M indan ao strait,pa s血gtheCelebesSea,Jaw a
Se a, theBandaSea, theArafuraJSe a, theTim o rSe aandr unsintotheh dianOc e an. AlsotheSo uth
Equ a;tori alCurrerltirlthePa ci丘cis an othe rs o urc eof thelm do n esia nthroughflow , which is ru rL ulg
intotheS ala m Se a and the M alukaSe a･ Figu re1 sho w sthe m ajo rro ute of theh do n e岳ian也ro ugh
flo w a ndr ehted flo w s on theJa vaSe ain cludingthe minorflowsthr o ughstmits. Althoughthe
m ajorpartoftheqdo n e siand m ghBo wr un sido theIndian Oc e打1thro ughtheTim orSe a, 也e
s m alportio nofthelndo n e sia nthr o ughflow ru n sirltOthe h dian Oce益tlm ughtheLornbokstrait
ando血e r m血)r straits･ Theinte n sitiesofthe s eflo ws o rcurrents aredependento n也e s otlthea stor
w e ste m mo n s o o n･ Duringthe s outheast m o n s o o n,fro m MaytoSeptembe r, theIndo n e sia nthr ough
flo w丘o mtheTim o rSe a a ndtheSo uthEqu atori alCu r entr 皿 alongtheSundalslandsto w ardthe
W est･ Onthe c ontrary, the n orthw estm ons o on 丑o m Octoberto April, theSo uth Equ a;tori al
Cu rre nt runs s outhe rn offoftheS undaIsla nds
,
whilethe eastw a rdc oa stalct w e nt
,
calledtheJava
c o a stalc u rre nt
,
r un salongtheSundaIsla nds･ Manyscie ntistsdiscu ss edthe sechange swi th
observatio na ndn n m ericalm odels･ [Gordon etal. ,194, Go rdo n, 1995,Fie u x elal. 1994].
W e sele cted the s o u也e rn offof theLo mbokstr aitforthe res e archreglO n, Whel
･
e也e n m ofr
fro m theLo mbok Strait m ayhave a c o ntributionto thedistributio n ofphytoplalikto n withrelatedto
the se a s onalvariatio n ofc urrents inthe hdiallOce an. We repe atedthe expeditons a s aJOint
r ese ∬ chbetw e e nJapa n andIndo n e siaintllisr eglO ntO Studythe m e chamislnOf thepn m a ry
ー8 0一
produ ctio nrehiedtothe hdo n e sian thro ugh flo w u singr es e ar chv e ss els oftheh donesian
go v err n ent. h 也e s e e xpeditio n s, webadse rie s ofqbservationbythe satellitebo mcolor se ns o rs
andother s e n s o rs
?
altho u申itw asdifncultto synchronizebetw e e nth9in-situ m e as u 托 m e nta ndthe
s a;tellite obse r v atio n.
2. ReⅡ10teSen s o rs
2-1. Oce anColo rT he r m al Sc a n ne r
ln Augu stof1996,theNatio nalSpa ceDe v elopm e ntAge ncyofJapan(N A S D A)1a 皿 Chedthe
A D E O S. Unfo rtunately, A D E O Sstoppedits mis sio ninJune of 1997 be ca use ofthetro uble on the
s olarpanel･ Du血gits missi9nlife, O C TShadpr o vided lmage sofchlo r ophyll- aa ndse a s urfa c e
te mperat∬ e disbibution ov ertheglobe. TheO C T Sc o vers1400km inthe s w adl ra nge丘o mthe
altitude of 800km . The s w a血 r ange varies wi ththetiltingfuncdo n ofthe s c ann lng m血 or, which
isde sign edto a voida s olarglitter丘o mthe s u血 c e. T heO C TShas a spatialresolution of70 0m at
a nadir･ Figu re2-a Sho w s a chlo r ophy11･ adistri bution observeda nd Fi即 re2-bsho w s
_
a se a su rfa c e
tempera:tt m disbibutio nobserved byOC T S. Tもe s eim ages sho wabegirmingofthe chlo rophyll- a
blo o m offtheLo mbokstrait.
212. Sea W ideFieldofView Sens or
Sho rtly 血 rtheA D E OS mission,theN A S Aand theOrb血1age C O OPer ationla um chedthe
Orb Vie w-2polar o rbitings atelBte wi thteSe aW iF S. TheSe aWiF Spr o vide sim ages of
chlorophyll- adistributio n a s m u ch asthe O C TS. TheSeaWiF Sc o v ers2000 kn inswa血丘o m the
altitude of800 km . TheSeaW iF S has a spatialre solutio n ofl.4血1 ata nadir, althoughitv aries
wi thatiltingaJlgle･ Figu re3-a sho ws acblo r ophyll･ adistribution obse rv edbySeaW iF Sand
Figu re3-bsho w s aseastda cetemperatu redistri butio n obse rved byA V H R 札 The selmages sho w
aplu m e ofchlor ophyll- a 丘om theLo mboks廿ait.
31 Me chanls n ofcblor ophyllbloo m
lt w aspossibleto clas sifythe w ate rlaye rsintofo u rlayersinthe offshore w ater andthre el町e rS
irlthe c o astalw aterjudging丘o mthe v e rtical distributio nofchlo rophyll- a. Figu re4- a sho w s a
verticalcr o s s se ctio n ofchlo r ophyll- a along116degr ee-Eastbetw e e n9 degr e e-Southto12
degr e ･Sotlth･ Figw e41bis a v e rticalc r os s s e ction ofnitr ate(NO3). Figur e41Cis averticalc r o ss
sectio n ofDen sity･ Figtm 4-dis a v ertic alc ro ss se ctio n ofc u m rltVector sObs erv edbyA D C P.
The of3sho re w ateris clas siBedintofou rdiffe rent W aterlaye rs. Thetoplayeristhe sllrfa c e
mix edhyerwithshowingalowerde nsib,a nd withadepletednitra[te. Inthistoplayer,the
chlo r ophyll- a c o n c erltratio nis a∫o u nd 0.1 mg m
-3
,
which islow erthanthe s u rfac ew ater n e arthe
Isla nds. Ⅵ1e nitrateis s uppliedbythe ru n off 丑o mtheLo mboks廿ait, blltthe nitrate c 皿n Otbe
s uppliedtothe offsho rethroughthe s urfac ehye r, wher ethe nitrateis co ns um edbythe
phytopla nkto nim m ediately. The s e c o ndhyeristhepyc n o clin e withadepleted nl bde. T he
pycno clineisthe stable w aterlayer l mde rthe mix edhye r and overthenltra clin ewi thpre v e ntiga
penetration ora miⅩ1ng Ofw ate rsbetw eenbothside s. lmthis s econd layer, the chlor ophyll- a
c o n c e rltratio nis v erylo w,1e ssthan0･11Tlg m
-3
,be ca us e oflow nltrate･ Thethirdhyeristhe
nitr aclin e
,
wherethel出gherde n sityw aterandth与Cldor ophy11m a xim um are obse rved. The
-81 -
cldorophylhna xim u 皿 Sho w sthe cldor ophyl- a c onc entratio n aro u ndO14 mg m
-3
, Ⅵ血ichislo w e r
c onc e ntratiorLtha n'the cl血rophy11m 血 m n e arthe c o ast. Thefo地 hyeristhelighdensitya nd
thehighmitr ate water mas s underthe chlor ophyllm a xim u m . Tile SeCOrlda nd deepe rlaye rs sho w ed
the stableBow s.
The c o astalw ateris cla ssiBed inbthre ediffere nt w aterlayer s･ Thetoplaye risthe stnfa ce
miⅩ ed hyerwith thelo wel
･ den si申and with the slightlyhigherc o n ce ntratio n ofthe nitrate. h this
toplayer, the cldo rophyll-a c o n cerltratio nis ar ol nd O･2 mg m
･3
･ Thistoplayeris suppo sedtobe
the w ater m ass&o m straitsalongthesu ndaIslands. The s e c o ndlayeristlle Stable w ater masswith
thepyc n ocline and themitraclin e･ In this se co nd layer,the chlorophyllma ximu mis observed with
the cldor ophyl- a con c e ntratio nLa round1.0 mg m
-3
. Thethird layeristhehighdensib,a ndtheldgh
nib.ate waterm as s underthe chlo r ophyllm a xin um･ The s eco nd and deeperlayeristhe w e stw ard
h do n e sian也m ughflow alo ng也elslands,bec a use of the ste ady w estw ardct melTt. 1 湖sals o
s uggeststhatthe stru ctLm S Of the w aterm assin the seco ndandde epe rlaye rarethatof the
Indo n e sia n也m ugh皿o walong也eSundaIslands.
h this s ectio n
,
w ecla ssi鮎d the w ate rm as sesirrtothe offshore a nd 也e c oastaltype. Fr o m
this clas si五c a;tion,itispossibleto addre ssthatthe s urfa c emiⅩedhyeri5 0bse rvedinallse ctio n s.
The s urfac emix ed le[yer n earthe c o a stis slightlydeepe rthan thatofdle O庶血or e. The observation
･depthof the s atellite o c飽 n C Olo r s e nsorisinthe order ofthe hv erse ofK,the attenuation c oefrl Cient
of the wa:ter. Ex c eptthe co a staltu rbidw出e rs, the observ ation dep也of the w alerin也由ag eais
c orre spondingto the s u rfa c e- miⅩ mglaye r･ This m e an sthatthe chlorophyl -adistd bution observed
bythe o c ea n color s e n so rnlye xplain sthe w ater chara cteristics o nlyinthes u rfa c e- miⅩlnglaye r･
The chlo rophyll- a bloomingin th is r egio n, especiallyobse r ved bythe satellite se ns o r,isthe
phe n om e no nin the su =fa ce- mixinghyer, which isinflu enced bythe且ow s丘o m thestraits alo ngthe
S undalslands
,
thetidalc urre nts, and aleS e aSu rfac ewinds. n e m ajo rwestw ard 岳tream of the
hdone sian thr o ughflo walo ng申eS undaIslandsdidn otm ake a signi丘ca ntco mi butio ntothe
su rfac e- mix inglayerwi thr unnlng unde rthe su rfa c e- mix lnglaye r.
4. Co n clusion
ln theprevio us studies,ねe re we retw ohypothe ses on theblo o m ofphytopla nkton inthe
Indi印1Oc e an o ntw odiffere31tS e a S OnS･ Nontlji[1977]propo s edthellyPOthesis血a:tthe nutrierlt
richw ater orlgm ated丘om the w e stw ard SECd血 gthe so uthe ast m o nso o nProdu cedtheblo o m.
Setiaperm an a[1992]propo s edthehypothe sisthatthediv e rgen c ebetwe e nthe eastw ard Java co astal
currentand the w estwa rdSE Cdllringthe n orthw est m ons o o nPrOduc ed 也eblo om , Thesetw o
hypothe se s explaintheblo omsfo rtw o s e as o ns,the s outhe astm o丑S O9rl a ndthe n o地 w e stm o n s o o n･
h th is study･ the c o ntirlu OuS Obs erva;tio nbyse[tellite, espe ciallyu singthe o c e an c olo r s e n s o rs,
r e vealedthe m e chanis m ofp血 ary produ ctio nalo ngtheSundalslands. Thosedatadescribedtht
the rt n off 血m he sbdts alongtheSundaIslands a re c o血 o u slyrum111rLglrltOthehdianOce an
ex c epttheperiodwhilethe strongs outheastwindsuppre ssthe血owintothe hdian.Ocean.
The OCT Spr ovi de thedata setto tlnderstand 也e m echa nis m oftheprim ary produ ctio n･
TheNSCA Ts upportedthe understand ingofthe c urrez7t鮎Id withthe wind data. Altho ughthe
satellite obse rvatio nin Ma rch1997w asinthe w estem m o n s o onperiod,也e･stro ngsouthe a stwilld
pre v e ntedtheno w s丘o mtheLo mbokstrait tothe hdian Oc e a n･ Itis s ugge stedthe[t the s outhe ast
-82 -
windo nthebothside oftheSu ndaIslands r egAnted the且o w s, e spe ciallythe s o uthe a stwipdalong
the nordler n Side of theSundalsla nds r egulated the o utgoingflo winto也elndian Oc e an.
Fo11o Ⅷgtothe s outhe astw血dperiod,the w e stwindw asdomin antasin the w e stem mollS O O n
period. Durirlgthis w estwind period,theflo w s&o mtheLo mbok str ait w er e continuously
obs erv ed.
T he synchro nizedobse rv a:tionsbetwe e nthe s a土ellite s andthe researchves selw er e r ealized in
Marchof1998. Inthispeliod,theflow 丘o 皿 theLo mboks廿由tw as C O ntir=u o u slyobse rved. T he
w a主er s ampling丑om the w ater colurr n re v e aledthe sbn ctLm Ofthe w ater m as s alo ngthe Sunda
lslands. TLe w aterhyers are clas si丘ed intofot ulaye rsinthe offshor ew aterandinto thre elayersill
the coastal w ater.
lm the offshore
,
thetoplaye ris a s urfa c emix ed laye rwithalow de n sityandalow nltrate
c o n c e ntratio n
,
where achlorophyll- a c on cerltratio n w asle s sthan 0･1 mg m
･3
･ The s e c o ndhyeris a
pyc n o clin ewithalo w chlo r ophyll-a c o n c erltratio n andalo wnitr ate c onc e ntr atio n. ThetlB d layer
is a nitra cline wi th hige rdensityw ater anda chlo rophyll-a m axim um a m und 0,4 mg m
-3
. The
fou rh la:yerishighden sitya ndnitr ate rich w ater under a chlo r ophyll- a m a xim um .
Alo ngthe c o a st, 也etophye ris a s u rfa c emix ed hyerwi也ふlo wden sityanda slightlyhigher
nir ate
,
whe rea chlo rophyll- a c onc erltr ation was ar o､md O･2 mg m
13
･ Thistoplayeris w aterm a ss
丘om the Lembokstmit andobserv ed bysa:tellite sen so rs. The se cond layeris a stable w ate r m ass
withapyc n o clin e a ndnitra cline, whe re a chlo r ophyll-a m a xim um w as obs erv edinthe order of1.0
mg m
'3
. T hethird hyerishighde nsity and nitraterichw ate r u nder a chlorophyll- a m axim um .
The su rface miⅩed laye rin the oushore and the c o a stalal e a Show ed adiffer eTItmitrEte
c o n c e ntrado n. T he nitra:teis supplied bythe ru n off 丘o mtheLo mbok strait, butthe nitrate c alln Ot
be s uppliedtothe o蝕bor ethr o ugh thes u rfa c ela･yer, asthe nitrateis cons um ed bythe.phytopla nkton
i mm edia壬ely.
This me chanis mis als o obs e rved bythe SA Rim age asthedis也butio nof也e s u rfac e
r oughne s s. The s u rfa cer o ughnes sindicated the r unoffof the c o ast lw ater舟o mtheLo mbokstrait
and the w aterm a s sc atte redto仕1e OfFshore.
Fo rthe sedistributio nofthe w ate r m as sa ndthedistribution ofchlorophyll-ablo o minthe
s urfa c e
,
血 s study m ade clea rtheinfluenc e ofthe s o uthe astwindto regulate theflow of the w ater
丘o m the Straits.alongtheSundalsla nds and thele ssinflu en c eof the w estwind. The s o uthe ast
windalo ng也eS undalsla ndwil regulate也e w a;ter m as sin thebothside oftheSu ndalsland, the
Jav aSea and 也ehldia nOcean, wi threducing也e o utgoing丑o w shto the hdian Oc e an. Onthe
c ontr ary, th占w e stwind alo ngtheSl mdaIsla nd m ay pu sh the w ater ma ssin theJa vaSeainto the
h dianOc e a nthr o ughthe straitsalo ng也eSⅦ1daIsla nds.
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